cells, is produced
by three NO synthase (NOS) isoforms (I, II, and III; for review, see refs 1, 2). NOS-I and III bind calmodulin in a reversible and calcium-dependent fashion, and hence are modulated by changes in intracellular calcium.
On the contrary, (3, 4) , isehetnia (5, 6 ), Alzheinier's disease (7) , and viral infections (8) . In some cases the use of specific NOS-Il inhibitoi-s decreased the concomitant damage (9, 10), suggesting a direct role of NO in the genesis of the pathology. Considering that, very often, pathological induction of a gene in the adult may recapitulate a developmental pattern of expression, we sought to determine whether NOS-Il appears in normal developittg brain. Here we report that the NOS-Il mRNA as well as protein is present in normal rat brain during late embryonic and eae'ly postnatal ages, and that they are localized to blood vessels.
NOS-Il

MATERIALS AND METHODS
Ainnials
Pregnant Sprague-Dawlt'y rats (Charles River Breeding Labs, Wilunimtgton, Mass.) were housed two per shuoeboxin an on-site animetalfacility.
Theehealth of test animnals hocused mtthe same roouuuis checked by a nnonthshy Sentireel Health Progrtenn.whtichi includes seuoiogicai testing for viral infection, parasites, bactemicil levels, anti inetestinal c'ontenuts.The experiments reported lucre were done over the course of 12 months. In addition, early embryonic animals (E14 and E17) were obtainued fm-nm pregnant mothers killed imnneciiately or within 1 day upout ae-iival.
RNA preparation and competitive PCR analysis
RNA isolation and eDNA synthesis were carried out following stamedand procedures (11). Relative NOS-Il eDNA levels were nneasturedIcy coinpetitive PCR analysis (11. 12). in which cDNAs (fuomn50 migtotal RNA) NOS activity assay [ttC]I_arginmne was retained in the Dowex while which inhibits all NOS activities (15) .
Isolation of brain parenchymal blood vessels
Bhood vessels were extracted from whole brains feom P7 amid adult animals (16) . Briefly, brains wee-c gently homogenized in phosphatebuffered saline (PBS) with a Dounce-type glass homogenizer. After centrifugation at 1000 X g for 5 unin, the pellet was resuspended vs. adult (p90), ANOVA followed by Fishem's least significautt differences post-hoc analysis. Relative NOS-Il eDNA levels froun adult were either undetectable or less than 0.5 (ratio cDNAjstanciaid).
18% dextrane in PBS and ceuitrifuged at 10,000 x g for 1 neeiuemt a microcentrifuge.
The new pellet was mesuspencied ime18% dextranu anti centrifuged again to furtleer ('leant the vasculcer fm-action iuouuuneuroncul or glial cell debris.
Immunoblot analysis
Total cellular protein was prepared fm-oneP7 ceuehchlcmr nni-movesseis by sonication in 8 M urea. Sameiples were diluted with sodium dodecyl sulfate-polyacrylamide gel electrophoresis sample buffer. h)Oihe(h. and aliqcuots were then separated through 8% at'uylauuiitle gels. The proteimts
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were electro-transferred to nylon membranes, blocked with 5% dry milk, and incubated overnight at 4#{176}C with primary antibody [1:2000 dilution of anti-rat iNOS mAb-5 (34), a gift from Dr. Ryuichi Hattomi, Kyoto University, Japanj; then they were washed, peroxidase-labeled anti-mouse lgC was added, and bands were visualized with enhanceti chemniluminescence.
RESULTS
NOS-Il mRNA expression in developing brain
Developmental expression of NOS-Il mRNA was analyzed in the cortex. diencephalon, cerebellum, hippocampus, and striatum from the last third of embryonic development to the adult stage (Fig. 1) . NOS-Il mRNA was expressed perinatally in all brain areas in two phases, most clearly detected in cortex and diencephalon.
The first phase occurred before birth and the second, -more robust phase (reaching 2.5 to 10-fold embryonic levels) arose during the first postnatal week, to peak at or around P7.
Imi embryos, the highest levels of expression were in the diencephalon, whereas in postnatal animals cerebellum showed maximal expression. After P7, expression diminished to negligible levels in all regions of the adult animal.
To rule out that developmental variations in NOS-Il mRNA levels were nonspecific, but instead reflected a general developmental pattern of gene expression, we also measured mRNA levels of the constitutively expressed G3DPH (not shown). Relatively constant levels of G3DPH mRNA were detected in all areas over the time examined (E17 to adult) except for the cerebellum, where expression increased around the second postnatal week to reach a plateau around P20.
Immunocytochemical localization of NOS-Il protein
To establish whether the NOS-Il protein was translated and, if so, to determine its cellular source, immunostaining was performed on E18, P7, and adult brain sections using a polyclonal antibody raised against NOS-Il from mouse macrophages (17) . No staining was observed when incubation was carried out in the absence of this primary antibody.
Embryonic day 18
At E18. NOS-lI-like immunoreactivity (NOS-Il-LI) was detectable within intraparenchymal blood vessels 4 to 12
.1ni in diameter. Although most parts of the brain showed some vessel staining, NOS-Il-LI was strongest in medulla and pons, where an extensive vascular network was revealed (Fig 2a) . Moderate staining was detected in the septum, thalamus, medial cortex, and basal ganglia (Fig.  2b) , whereas light staining appeared in the frontal cortex, cerebellum, and hippocampus (Fig. 2c) .
Postnatal day 7
At P7, NOS-lI-LI was still seen in cerebral blood vessels, which ranged in diameter from 4 to 85 jim. The most intense vascular staining appeared in the hippocampus (Fig. 3a) and in white matter of cerebellum (Fig. 3c) , whereas vessels in the thalamus, corpus callosum, internal capsula, and cortex were more lightly stained.
In the cortex, staining was preferentially localized in penetrating arterioles and in vessels adjacent to the corpus callosum. In addition to blood vessels, NOS-Il-LI was also observed in Purkinje cells at P7 (Fig. 3c, d ).
Adults
In contrast to early postnatal ages, no vascular labeling was detected in adult animals (Fig. 3b, e) . However, Purkinje cells, both soma and dendrites, were strongly labeled (Fig. 3e) .
NOS-Il expression in isolated microvessels
To confirm that blood vessels accounted for expression of (Fig. 4) . Microvessels isolated from adult rats (n3) failed to express NOS-Il mRNA or enzyme activity, as reported previously (3, 6, 8) .
The presence of NOS-Il proteimi in P7 vessels was confirmed by immunoblot analysis using a specific anti-rat NOS-Il mAb (34) because the polyclonal used fom' immunostaining does not work on immunoblots (Fig. 5) . A major strong band was detected in P7 vessel lysate, which had the same mobility as control macrophage NOS-Il protein (which ran as a doublet of approximately 125-130 kDa). This mAb did not detect closely migrating endothehal NOS-Ill (approximately 135 kDa) either in P7 vessels or controls.
NOS-Ill protein was detected using anti-human eNOS mAb in as little as 20 jig of P7 vessels. NOS-II protein was not detected in adult cerebellar vessel lysates.
DISCUSSION
The present data demonstrate for the first time, by using three independent methods, that NOS-Il is expressed in normal brain in conditions not related to tissue injury.
Using a specific (27) . These examples, together with the present data, provide compelling evidence that, as is the case for the calcium dependent isotypes,
calcium-independent
NOSs play a role in a variety of normal physiological functions. 
22), which
suggests that the staining in these cells is nonspecific for NOS-Il and consistent with the widespread observation that Purkinje cells are strongly immunoreactive.
Whether Pui'kinje cell staining in early development is due to NOS-Il protein remains to be determined.
Although the functional signicance of NOS-Il in developing brain is unknown, its localization suggests a potential role in regulation of local blood flow, angiogenesis, vascular permeability, or even synaptogenesis based on known effects of NO. First, NO is a very well-established vasodilator agent (15) . Thus, induction of NOS-Il could improve blood supply to developing bi'ain, in response to increasing metabolic demands. Alternatively, expression of vascular NOS-Il could represent a stabilizing mechanism in the process of new vessel formation in the developing brain (28) . In addition, NO regulates the expression of cell adhesion molecules in endothelial cells (29, 30) . It is thus conceivable that vascular NOS-Il-derived NO could control extravasation of blood cells into the brain parenchyma. This property may prove crucial in the first postnatal week, when circulating macrophages invade the brain (31) . Finally, it has recently been shown in the developing visual system that the establishment of ordered synaptic connections depends on the level of NOS-I expression in the target cells (32) , suggesting a trophic role for NO. Likewise, NO from blood vessels may act as a retrograde messenger for neurons, thereby promoting the vascular innervation that, at least in the mature animal, regulates cerebral blood flow (33) .
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